Sedimentation velocity data fitting by the two-dimensional spectrum analysis algorithm: The twodimensional spectrum analysis (2DSA) has been previously described in references 1,2 . Briefly, a solution is obtained by solving the linear system A x = b using NNLS 3 . Here A is a matrix built from the finite element simulations for each of the i, j grid points of the Custom Grid method. Once solved, x returns the concentration vector which specifies the partial concentration for each simulated particle, and b contains the experimental data. In the 2DSA approach, matrix A is decomposed into multiple subgrids, which can be solved independently using a parallel computer 4,5 . An optional iterative S-1
refinement can be applied to reduce degeneracy of the model. The parallelization of the 2DSA method has significant performance benefits, provides a very high grid resolution and is suitable even for large datasets, and allows for globally fitting multiple experiments with high data density. The optimization result produces a sparse set of solutes, where the partial concentration values x are optimized for each particle present in the solution. The solution is most efficiently evaluated on a parallel supercomputer.
The fitting process initially identifies systematic time-and radially-invariant noise contributions, and subtracts them from the experimental data. Next, the best meniscus position is fitted, and a final solution is achieved by iterative refinement of the final grid as explained in 6 . Further refinement is possible by parsimonious regularization using genetic algorithm optimization 7, 8 and/or Monte Carlo analysis 9 . All methods are parallelized and are also available through the XSEDE high performance computing gateway 10, 11 .
Zeno calculation of volume and anisotropy: Given a bead model, Zeno proceeds by solving for the electrostatic capacity of a perfect conductor having the same size and shape. From the electrostatic capacity, the hydrodynamic radius can be computed which has been shown to be accurate within 1% 12 .
The procedure utilizes a path integral method derived from probabilistic potential theory incorporating random walks. The volume of the model is computed via a Monte Carlo integration over the total volume of the object.
SI-2. Experimental Details
Materials: Cadmium oxide (CdO, Aldrich, 99.99%), selenium powder (Se, Aldrich, 99.9%), Lead(II) oxide powder (PbO, J. T. Baker, 99%), Bis(trimethylsilyl) sulfide (TMS, Acros Organics, 95%), oleic acid (OA, Aldrich, 90%), trioctylphosphine (TOP, Aldrich, 90%), 1-octadecene (ODE, Aldrich, 90%), oleylamine (OAM, Acros Organics, 80%), bis-(2,2,4-trimethylpentyl) phosphinic acid (TMPPA, Cytec Specialty Chemicals) and tetradecylphosphonic acid (TDPA, PCI Synthesis, 97%) were used in the preparations described below. Chloroform, acetone and methanol were all of analytical grade and purchased from APS Fine Chem. ODE in PbS synthesis was degassed by pumping under vacuum at Quantum Dot Synthesis: Quantum dots are typically synthesized at high temperatures in the presence of surfactants to control the nucleation and growth of the semiconductor nanocrystals. For CdSe, it has been shown that ultra-small QDs can be synthesized in the presence of tetradecylphosphonic acids 13 , while larger QDs are obtained in the presence of oleic acid 14 . Furthermore, alkylamines and alkylphosphines are also added to the synthetic mixture as nanocrystal surface stabilizers. Alkylamine ligands have been shown to be effective electron donors binding to surface Cd sites, while alkylphosphine ligands, on the other hand, typically passivate surface Se sites on the CdSe QDs 15, 16, 17, 18 .
PbS nanocrystals on the other hand, are typically synthesized using lead oleate and bis(trimethylsilyl) sulfide as precursors in 1-octadecene 19 . The final PbS QDs, therefore, are capped with oleic acid. For smaller silver nanoparticles, thiolates are the preferred ligands that confer high thermal stability and oxidation-resistance.
CdSe Synthesis: QDs of radii 10.61 Å were prepared by first producing the metal complex 20 . In a typical reaction CdO (25.6 mg, 0.2 mmol), TDPA (114 mg, 0.44 mmol), OAM (0.5 g, 1.9 mmol) and ODE (7.8 g) were degassed in a 50 mL three-necked flask for 20 min at 80°C. The solution was subsequently heated to 300°C for 30 min and cooled to 280°C. At this point, Se (31 mg, 0.4 mmol) was dissolved in TOP (0.95 g, 2.6 mmol) and dispersed in ODE (0.95 g), and then was injected into the reaction vessel. Growth was conducted at 230°C for between 5 and 20 min depending on the required size. CdSe QDs of radii above 10.61 Å were adapted from those reported 21 mmol) and ODE (7 g) were swiftly injected. The temperature was set to 220°C and growth of the subsequent crystallites continued for 30 minutes. The synthesized Qds were washed three times by extraction with a chloroform/methanol/acetone mixture (2:4:1 v/v). The resulting Qds in ODE were centrifuged at 8000 rpm for 20 minutes to remove any remaining solvents and kept in ODE for analysis. CdSe core particle sizes were determined using the band edge calibration method 20 .
PbS Synthesis:
The synthesis was performed in a single, three-neck, round bottom flask with Schlenk line setting. PbS QDs were synthesized using lead oleate and TMS as precursors in ODE as a non-S-3 coordinating solvent, according to known methods 22 . Lead oleate was prepared by pumping a mixture of PbO and OA at 80°C for 16 h. The resulting solution was stirred vigorously under nitrogen for about 30 min, while being heated to certain temperatures ranging between 75°C -130°C depending on the required QD size. Inside a glovebox, the sulfur precursor was prepared by mixing TMS with ODE, and then was rapidly injected into the reaction flask. After TMS injection, slow cooling was allowed to facilitate size focusing and to help narrow the size distribution. Once 35°C was reached, acetone was injected to isolate the oleate-capped PbS QDs by precipitating them from solution. The precipitate was washed twice with toluene/acetone as solvent/antisolvent mixture, followed by re-dispering in toluene.
Then, the washing procedure was repeated twice again with a toluene/methanol mixture, and then the precipitate was dissolved in octane. The stock solutions in octane were diluted with buffers of oleic acid and octane (0.005%, 0.5 %, and 2.5%). assumed to be Ag(p-MBA) 2 [3-] . This solution is a faint translucent yellow. The precursor was reduced by drop-wise addition of aqueous NaBH 4 (170 mg, 9 mL) over the course of an hour. The reaction was allowed to continue for the subsequent hour. The obtained product is purified in three steps. In the first step, the product is centrifuged at 10,000 rpm for 5 min, the supernatant is decanted into a separate tube, and the precipitate is discarded as a byproduct (larger, colloidal silver particles). In the second step, an equal volume of DMF was added to the solution and again centrifuged 10000 rpm for 5 min.
This precipitates the desired product from the small-molecule and electrolyte byproducts. In the third step, the cluster is further washed using a DMF (pH5) -toluene mixture (equal volume) with centrifugation. The addition of toluene helped to precipitate and clean the sample. This step is repeated at least twice and the obtained nanocluster is then pure.
Analytical Ultracentrifugation (AUC):
CdSe samples were measured on a Beckman Coulter XL-80K S-4 ultracentrifuge equipped with UV-Vis 240-800 nm multi-wavelength optics 24 . PbS and silver nanoparticles were measured in intensity mode on a Beckman Coulter XLI analytical ultracentrifuge at the Center for Analytical Ultracentrifugation of Macromolecular Assemblies at the University of Texas Health Science Center at San Antonio. Sample cells composed of 2-sector titanium centerpieces (Nanolytics, Potsdam, Germany) and quartz windows were placed in a four position An60-Ti rotor. The optical path length of these cells is 12 mm. Time-and radially-invariant noise and the meniscus position were determined as described in 6 .
Transmission Electron Microscopy (TEM):
For CdSe, TEM was analyzed on the FEI TF20 operating at 300kV. CdSe QDs were dispersed in toluene, drop cast onto a 300 formvar coated copper grid and air dried overnight before imaging. For PbS, TEM was carried out on the TitanG2 80-300 instrument, FEI Co., Super Twin, x-FEG, operating at 300 kV. The PbS QDs suspended in octane solution were deposited onto 300 mesh gold grids with holey carbon film, and dried in air for at least 1 hour before imaging.
Figure_S 10:
Plots illustrating the relationships of particle diffusion coefficient (triangles) and sedimentation coefficient (circles) versus QD core size (top) and particle overall density (squares) and total molecular mass (diamonds) versus QD core size (bottom).
